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INTRODUCTION 
Diarrhena is one of the least known grass genera of the 
forests of eastern North America and eastern Asia, Anderson 
(1958) studied the taxonomy and distribution of the genus, 
but his work, the only extensive study of Diarrhena. has not 
been published. The small amount of information is in the 
form of passing references to Diarrhena along with several 
other grass genera, and most of these references have been 
concerned with the disputed systematic position or the 
geographical distribution of the genus. Anatomical studies 
are few and no embryological information has been published. 
The purpose of this investigation was to study 
microsporogenesis, megasporogenesis, embryology, and fruit 
development in Diarrhena, and to assess the systematic 
position in light of the new data. 
2 
MATERIALS AND METHODS 
The species studied were Diarrhena americana Beauv., 
laponica Franch & Sav., and D. mandshurica Maxim. 
Plants of D, americana were grown from rhizomes collected 
at several sites in Iowa, Indiana, Missouri, and Kansas, 
These sites are listed in Appendix 1 . Plants of D. japonica 
were grown from caryopses obtained from Dr. Tuguo Tateoka, 
National Science Museum, Tokyo, Japan, and those of 
_D. mandshurica were grown from caryopses obtained from Hortus 
Botanicus Universitatis Mosquensis. Voucher specimens are 
deposited in the Iowa State University Herbarium (ISC), 
The plants were grown in the greenhouses of the Department 
of Botany amd Plant Pathology at Iowa State University, 
Incandescent and/or fluorescent lighting was used 24 hours 
per day to induce flowering. 
Caryopses of D, japonica and D, mandshurica were placed 
on sand moistened with 0.1% potassium nitrate and kept in 
a refrigerator for tvo weeks. Germination occurred one 
week after removal to room temperature. The seedlings were 
transplanted to soil in pots when they were approximately 
two inches in height. 
Meiotic chromosome counts were made from squashes of 
microsporocytes. Anthers of p_. japonica were fixed in 
three parts absolute ethyl alcohol to one part glacial 
acetic acid, those of _D. mandshurica were squashed fresh, 
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and Newcomer's fixative was used for D, americana. All 
preparations were stained with aceto-orcein. Mitotic 
counts were obtained from freshly excised root tips after 
pre-treatment at room temperature with 0,2 mg, actidione 
in 100 ml. water (Sharma and Sharma^ 1965), and fixation 
in three parts absolute ethyl alcohol to one part glacial 
acetic acid, followed by hydrolysis in IN HCl for 10 minutes 
at 60 degrees C. They were stained by the Feulgen reaction at 
the same temperature for five to 10 minutes. Drawings 
were made with the aid of a Zeiss drawing apparatus. 
Whole spikelets or florets were collected for study. 
The fixatives used were Bouin's, Allen-Bouin II, FAA (Sass. 
1958), and acrolein (Feder and O'Brien, 1968), The best 
results were obtained with FAA, and this fixative was used 
for most of the material, A tertiary butyl alcohol dehydrat­
ing series was followed by infiltration and embedding in 
61 degree C, Tissuemat, Sections were cut at eight to 10 
microns on a Spencer 820 rotary microtome, stained with 
Heidenhain's hematoxylin and fast green, sometimes in 
conjunction with safranin, and mounted in piccolyte or 
Canada balsam. All sections were longitudinal except those 
illustrated in Figs, 18-22, Embryo sac squashes (Saran and 
de Wet; 1966) were attempted, but gave unsatisfactory results. 
Additional studies of the early stages of megasporogenesis 
were made using the callose aniline blue fluorescence method 
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(Eschrich and Currier, 1964), on paraffin sections. 
Flowers collected just prior to anthesis were mounted 
in lactophenol-cotton blue (Sass, 1958) for study of ovary 
and lodicule structure and pollen germination. Older ovaries 
were cleared in sodium hydroxide and chloral hydrate or in 
glycerin and lactic acid. 
Photomicrographs were taken on a Leitz Ortholux 
microscope fitted with an Orthomat automatic 35 mm, camera, 
using Kodak Panatomic-X film for bright field and phase 
contrast microscopy. Photographs of fluorescing material 
were taken with the same microscope and camera with the use 
of BG 38 and UG 1 lamp housing filters and a 430 micron 
barrier filter on Kodak Tri-X Pan film. Photographs of 
fresh flowers, whole caryopses, and hand sections of caryopses 
were taken with a Pentax camera mounted on an AO Spencer 
dissecting microscope using Kodak Panatomic-X film. 
Descriptions of developmental sequences and of structures 
apply to all three species studied unless otherwise specified. 
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LITERATURE REVIEW 
Anderson (1958) reviewed the systematic position of 
Diarrhena within the Gramineae, Until the time of his work, 
most authors had placed Diarrhena in the sub-family 
Festucoideae, tribe Festuceae, and many of the gross charac­
teristics of the genus coincide with this classification. 
However, the three-nerved lemmas and loose pericarp seem to 
ally the genus with the tribe Eragrosteae of Hubbard (1944), 
This group is recognized as a member of the Eragrostoideae 
by Stebbins and Crampton (1961), Tateoka (1957a) placed 
Diarrhena in the tribe Phaenospermeae of another sub-family, 
the Arundoideae (Arundinoideae). Stebbins and Crampton 
(1961) disputed Tateoka's decision, stating that Diarrhena 
possesses mostly Festucoid features and should be placed 
in the Festucoideae in a tribe by itself, the Diarrheneae, 
Pohl (1968) followed this classification, 
Diarrhena exhibits a peculiar mixture of the microscopic 
characters important in modern grass classification. 
According to Prat (1932, 1935, 1936), the leaf epidermis 
shows both Panicoid and Festueoiu features, while the leaf 
cross-section is essentially Festucoid (Tateoka, 1957by 
Anderson, 1958), Reeder (1957) studied the systematic 
implications of four characteristics of grass embryos ; 
the course of the vascular system, the presence or absence 
of an epiblast, the presence or absence of a separate lower 
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limb of the scutellum, and the number of bundles and overlap 
of the margins of the first embryonic leaf, Reeder used 
formulas to indicate conditions found in Festucoid and 
Panicoid grasses. These formulas were used as follows; 
Festucoid Panicoid 
1. vascular system F (no internode) P(internode present) 
2, epiblast + (present) - (absent) 
3. scutellum F (fused to P (free from 
coleorhiza) coleorhiza) 
4, first embryonic 
leaf F (margins meet) P (margins overlap) 
The one species of Diarrhena which Reeder examined showed 
all Festucoid embryo characters (F+FF), Tateoka (1962) 
demonstrated that the structure of endosperm starch grains 
is somewhat different in the various groups of grasses. 
In examining all four species of Diarrhena. Tateoka found 
only compound starch grains, and this places the genus into 
his Fsstuca-SraciroGtig group. In this group ars several 
species of Eragrostis. most species of the Festucoideae, 
the Arundinoideae, Oryzoideae. and Bambusoideae. 
Anderson (1958) reported a meiotic chromosome count 
of n = 30 for D, americana var, obovata Gleason, and this 
number has been confirmed by a mitotic count from root tip 
cells (Koyama and Kawano, 1954), Tateoka (1957a) reported 
root tip counts of 2n = 38 for both D, japonica and faurlel, 
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As pointed out by Anderson (1958) and Tateoka (1960a, 
1960b), these numbers do not correspond with the basic 
number of seven found in the Festucoideae, Furthermore, the 
chromosomes of Diarrhena are small while those of most 
members of the Festucoideae are large, Tateoka (1960b) 
postulated a basic number x = 10 for the genus, based on 
2n = 60 for D. americana. with 2n = 38 in the other species 
being derived by a loss of two chromosomes from an original 
2n = 40, Tateoka's contention was supported by Koyama 
and Kawano (1964), The basic number x = 10 is the most 
common one found in the Eragrostoideae, 
Members of the Festuceae usually have pointed, entire 
or unevenly forked lodicules. The lodicules of Diarrhena are 
entire or unevenly forked (Tateoka, 1960b* Anderson, 1958), 
and there are fine hairs on the tips of the lodicules. 
All four species of Diarrhena exhibit a large, hardened, 
glossy, yellowish cap at the tip of the caryopsis, Tateoka 
(1960a, 1960b) pointed out that this kind of appendage is 
not found in the Festuceae, He noted a somewhat similar 
structure in the genus Brylkinia, but pointed out that no 
other grass shows the extensive development of this structure 
found in Diarrhena. 
Diarrhena differs from the Festucoideae in the following 
characteristics; chromosome number and size, leaf epidermis, 
embryo size (Anderson, 1958), and structure of pistils and 
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lodicules (Tateoka, 1960b), Stebbins (1956) described four 
major evolutionary trends in the Gramineae. These are the 
Chloridoid-Eragrostoid, Panicoid, Festucoid, and Bambusoid, 
The characteristics of Diarrhena suggest affinities with 
both the Chloridoid-Eragrostoid and Festucoid trends 
(Anderson, 1958), 
There are no published observations on the embryology 
of Diarrhena, Guerin (1899) studied the fruit wall structure 
of D, americana. mandshurica, and D. japonica, The 
endocarp was described as being composed of "tubular cells", 
and these were said to be rare in the Festuceae, Guerin 
mentioned Centotheca, Phaenosperma, Uniola. and Glyceria 
as other examples of grasses with extensively developed 
fruit walls, but Diarrhena was the most extreme example of 
this condition. 
Most of the embryological studies in the Gramineae 
have been conducted on economically important genera, such 
as Triticum. Zea. Oryza, Sorghum, and Poa.^ These and other 
studies dealing with less important grasses have provided 
evidence of a general pattern of embryological development. 
The anther wall development in grasses follows the Mono-
cotyledonous type, in which the outer secondary parietal 
layer does not undergo periciinal divisions, but develops 
into endothecium, while its inner counterpart forms the 
middle layer and tapetum (Davis, 1966), Tapetal cells are 
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usually binucleate (Davis, 1966* Chandra, 1963ay Narayana-
swami, 1955a" Artschwaqer, et al., 1929), but the uninucleate 
condition has been reported in two species of Panicum 
(Narayanaswami, 1955b), Zizania aquatica (Weir and Dale, 
1960), and Pennisetum typhoideum (Narayanaswami, 1953), 
Carniel (1961) reported both bi- and uninucleate tapetal 
cells and the glandular type tapetum in Zea. Tetrads are 
isobilateral, being formed by successive divisions of the 
microsporocytes (Schnarf, 1929? Davis, 1966). The three-
nucleate condition in mature pollen has been reported in all 
23 grass genera examined (Brewbaker, 1967), 
In the Gramineae, the ovule may be anatropous, hemi-
anatropous, or campylotropous (Davis, 1966), In most cases, 
the ovule is atropous at first and develops into one of the 
above types. There is confusion in the literature over 
the use of the terms tenuinucellar and crassinucellar, 
Davis (1966) defined them as follows: 
1: Crassinucellar refers to an ovula in which the arehesporial 
cell cuts off a primary parietal cell which may or may 
not undergo divisions, 
2, Tenuinucellar refers to an ovule in which the arehesporial 
cell develops directly into the megaspore mother cell, 
and there are no other divisions. 
3, Pseudocrassinucellar refers to an ovule in which no 
primary parietal cell is formed, but apical cells of 
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the nucellar epidermis divide periclinally and give rise 
to a nucellar cap. In this case, the inegaspore mother 
cell may be deeply buried, but the overlying cells are 
epidermal derivatives and are arranged in radiating rows. 
The pseudocrassinucellar condition has been described in 
many genera of grasses, including Panicum (Narayanaswami, 
1955b), Echinochloa (Narayanaswami. 1955a), Paspalum 
(Narayanaswami, 1954), Themeda (Woodland, 1964), Setaria 
(Narayanaswami, 1956), Euchlaena (Cooper, 1938), and 
Oryzopsis (Maze, et al., 1970 ), Davis (1966) stated that 
the pseudocrassinucellar condition is the usual one in 
grasses, but also mentioned that in the Pooideae (Festucoideae 
as used by Hitchcock and Chase, 1951) the ovule is often 
tenuinucellar. Eleusine indica and Dactyloctenium aegyptium 
have been reported as tenuinucellar (Chandra, 1963a), and 
Luxova (1967) described the ovule of barley as crassinucellar. 
In the grasses, the micropyle is usually formed by the inner 
integument, but both may be involved (Davis, 1966); woodland 
(1964) reported the latter condition in Themeda. while the 
one-integument micropyle formation has been described in 
several genera, including Eleusine (Chandra, 1963a), Panicum 
(Narayanaswami, 1955a), and Oryzopsis (Maze, et al., 1970 ). 
In Pennisetum typhoideum the outer integument forms a "hood" 
and there is no usual micropyle (Narayanaswami, 1953), 
In the Gramineae the embryo sac is usually monosporic 
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and eight-nucleate or the "Normal type", designated as the 
Polygonum type by Maheshwari (1950), Stover (1937) listed 
reports of embryo sac types in 47 species of grasses. 
Of these, four were not of the Polygonum type. Two species 
of Melica and one of Agrostis had been reported as the 
Scilla type, a bisporic type of development which was 
described by Fischer (1880) and Schnarf (1929), and which 
corresponds to the Allium type of Maheshwari (1950), The 
remaining species, Eragrostis cilianensis. was described 
by Stover in the same review paper. The polar nuclei in 
the type described by Stover supposedly move from the micro-
pylar cluster of four nuclei, leaving the egg and one syn-
ergid there and four antipodals at the chalazal end. This 
type of development had not previously been reported in any 
species, and the description has been disputed by 
Maheshwari (1941) and Swamy (1944), Mohamed and Gould 
(1966) described the Adoxa type embryo sac in Bouteloua 
curtipendula, This is a tetrasporic type never before 
reported in grasses, and Maheshwari (1950) has stated that 
it is a regular feature in only five genera—Adoxa g Sambucus, 
Erythronium, Tulipa. and Ulmus. 
•Proliferation of antipodals is a common occurrence in 
the embryo sac of grasses (Shadowski, 1926). of the 45 
species summarized in Shadowski's paper, 36 had more than 
the usual three antipodals and an upper number of 43 was 
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recorded for Molinia coerulea. Only ten of the 60 species 
recorded by Stover (1937) had three antipodals. The highest 
number that has been reported is 300 in Sasa paniculata 
(Yamaura, 1933), and 60 antipodals have been reported in 
another member of the Bambusoideae, Bambusa bambos. by 
Schnarf (1926). Numbers between five and 25 seem to be 
the most common, and have been recorded in genera such as 
Bromus (Beck and Horton, 1932), Zizania (Weir and Dale, 
1960), Avena (Cannon, 1900), Paspalum (Bashaw and Holt, 
1958), Triticum (Morrison, 1955), Poa (Nishimura, 1922), 
Agropyron (Mowery, 1929), and Themeda (Woodland, 1964), 
among others. Several authors have described large antipodal 
complexes, but have not been able to determine actual numbers. 
Proliferation of antipodals is also known in the Araceae, 
Typhaceae, Sparganiaceae, and Juncaginaceae (Shadowski, 1926), 
Vazart (1958) added the Compositae, Rubiaceae, Pandanaceae, 
Gentianaceae, and Asclepiadaceae to this group. The presence 
of callose in cell walls during megasporogenesis in 
angiosperms has been reported by Rodkiewicz (1967, 1968, 
1970) and Rodkiewicz and Gôrska-Brylass (1968), but there 
were no grasses included in the species examined, 
Chandra (1963b) pointed out differences in ovule and 
embryo sac characters in what he called the two major groups 
of grasses. These are summarized as follows; 
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Pooideae ( Festucoideae as used by Hitchcock and Chase, 1951) 
1, The outer integument is developed and invests the ovule 
except for the micropylar region, 
2, There are no periclinal divisions of the nucellar 
epidermis below the micropyle, 
3, The antipodals occupy a lateral position in the embryo 
sac prior to degeneration, 
Panicoideae 
1, The outer integument is only about half the length of 
the ovule. 
2, Periclinal divisions of the nucellar epidermis form a 
we11-deve1oped tissue which appears to be parietal tissue, 
3, The antipodals occupy a chalazal position prior to degen­
eration. 
These characteristics seem to hold up in these groups except 
for a few scattered exceptions. 
There is very little information concerning fertilization 
and the prior events in grasses, Maheshwari (1950) has 
discussed the difficulties in studying these stages. The 
release of densely staining material from the pollen tube 
into the embryo sac has been described in genera such as 
Zea (Weatherwax, 1919? Korobova, 1959), Oryzopsis (Maze, 
et al. , 1970), and Triticum (Morrison, 1955), This material 
is found deep in the embryo sac, often obscuring the contents 
(Steffen, 1963), The synergids are obstacles to penetration 
14 
by the pollen tube and the tube usually discharges into one 
of the synergids (Vazart, 1958; Korobova, 1959), Luxova 
(1967) has described in detail the release of sperm nuclei 
and the timing of double fertilization in barley, and the 
events from the time of fertilization to the first embryo 
divisions have been described by Pope (1937), also in 
barley. 
Johansen (1950) recognized six types of embryogeny 
based on the divisions in the first and second cell genera­
tions and on the contribution of the first two cells of the 
proembryo to the embryo proper. Following this scheme, the 
grasses conform to the Asterad type, Poa variation. In the 
Asterad type, the zygote divides by a transverse wall, the 
terminal cell divides by a longitudinal wall during the 
second cell generation, and both the basal and terminal cells 
contribute to the construction of the embryo proper, 
Johansen's placement of the Gramineae in his scheme was 
or* vs of Soiiw'^ss ^1924^ on ]Po^ 
Sou&ges described the derivation of specific parts of the 
mature embryo from the young undifferentiated proembryo, and 
his observations are the most thorough and detailed 
available on this development, NBrner (1881) described 
somewhat different patterns and irregular divisions in the 
proembryos of Hordeum. Triticum. Secale, and Avena, but 
these are basically the same as the Poa variation of 
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Johansen. There are other observations in the literature, 
such as those of Narayanaswami (1953, 1955a) on Pennisetum 
and Panicuin. but these are included in papers on micro-
and megasporogenesis and are only general observations, 
Narayanaswami described the first zygotic division which 
forms a structure with a small terminal cell and a large 
basal cell, followed by irregular divisions which result in 
an undifferentiated club-shaped embryo and the subsequent 
differentiation of that structure. 
Endosperm development in the Gramineae is of the nuclear 
type (Schnarf, 1929» Davis, 1966), In this type the primary 
endosperm nucleus undergoes a series of mitoses resulting 
in the formation of a large multinucleate cell which usually 
becomes cellular in later stages (Chopra and Sachar, 1963), 
A large number of free nuclei are formed, and the proembryo 
has been reported as nine-celled in Themeda (Woodland, 1964) 
and seven-celled in Oryzopsis (Maze, et al,, 1970) before 
cytokinesis commences in the endosperm. In a study of the 
endosperm of several cereal grasses, Gordon (1922) reported 
that the first-formed endosperm nuclei line the wall of the 
embryo sac, and in later stages the first cell walls are 
formed in the center of the embryo sac. 
True (1893) described the sequence of anatomical changes 
in the ovaries of corn, wheat, and oats as fruit maturation 
proceeds. The outer of the two integuments disappears. 
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the inner cells of the ovary wall are absorbed in varying 
proportions, and the tissue of the nucellus is absorbed. 
At maturity, the external portion of the ovary wall remains, 
forming the pericarp, the inner integument persists in a 
state of compression along with the nucellar epidermis and 
adheres to adjacent inner walls of the pericarp, Randolph 
(1936) described in detail the fate of the integuments and 
the disposition and origin of the layers of the ovule and 
ovary walls in the mature caryopsis of Zea. This description 
applies to most genera of grasses, but in some the cells of 
the inner integument become greatly enlarged and suberized, 
the adhesion does not occur, and the seed remains free from 
the ovary wall. Enlargement of the inner integument has 
been described in Sorghum halepense (as Holcus halepensis) 
by Harrington and Crocker (1923), Poa by Anderson (1927), 
and in Eleusine. Crypsis. Sporobolus. Dactvloctenium. and 
Zizaniopsis by Guerin (1898), In the genera discussed by 
Guerin, the seed remained free from the pericarp. The most 
detailed descriptions of this condition are those of 
Cummins (1929) in Eleusine indica and Narayanaswami (1955c) 




Chromosome counts of n = 30 from microsporocytes and 
2n = 60 from root tip cells were obtained for D. americana 
(Figs, 1 and 2). Under greenhouse conditions, meiosis was 
found to be periodic in D, americana, and diakinesis occurred 
at approximately three hours after sundown, or 8-8:30 P.M. 
Central Standard Time during short day periods. The 
chromosome numbers found in 2» japonica were n = 19 from 
microsporocytes and 2n = 38 from root tip cells (Figs. 3 
and 4)« A count of n = 19 from microsporocytes was obtained 
for 2* mandshurica (Fig, 5). Meiosis was not periodic in 
the two Asiatic species, under greenhouse conditions. 
Floral Structure 
In Diarrhena, the spikelets are borne in terminal 
panicles. In D. mandshurica and D, americana, the panicle 
is narrow and closed with little branching, while in 
D. japonica, the panicle is open and diffuse with several 
branches. The spikelets contain from three to five florets, 
with an upper rudimentary one. 
The flowers are composed of two stamens^ two lodicules. 
and an ovary with two naked styles terminated by feathery 
stigmas (Figs, 6-9), The lodicules are thick and fleshy 
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at the base with a pointed apical portion in D, americana 
(Fig, 11) and £. mandshurica (Fig, 10), and a truncate 
apical portion in JD. japonica (Figs, 6, 12). The tips of 
the lodicules bear hairs (Figs, 10-13), Prior to anthesis, 
the lodicules are longer than the ovary in D, americana 
(Figs, 7-9 ) and shorter in 2= japonica (Fig, 6), In the 
young flower, the filaments are approximately the same 
length as the ovary, but at anthesis elongation of the 
filaments takes place. 
The ovary of species of Diarrhena bears an apical cleft 
formed from the meeting of the carpel primordia which develop 
around the floral apex and form the ovary (Figs, 9, 15, 16, 
17, 68, 69), The two styles originate at this cleft (Figs, 
15-17), In mandshurica. the apex of the ovary is 
pubescent (Fig, 16), In the young ovary, a stylar canal 
begins between the styles and leads to the ovule (Figs, 
18-22), but this closes during later development prior to 
anthesis. The central area of the ovary, surrounding the 
stylar canal area, is composed of a conducting tissue. This 
tissue is made up of cells much longer and narrower than 
the surrounding cells of the ovary (Figs, 23-25), During 
early development in 2, mandshurica and D, japonica, this 
canal opening abovs ths conducting tissus is plugged with 
a dark-staining material (Figs, 26-28), 
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Pre-fertilization Development 
The single ovule is atropous at first, but as develop­
ment proceeds, the ovule turns and the micropyle points 
nearly toward the base of the ovule (Figs. 31, 67, 68, 
75, 86). This is usually described as the anatropous 
type of ovule. The funiculus is very short and difficult 
to distinguish from the integuments as the ovule becomes 
anatropous. The funiculus is adjacent to the entrance of 
the stylar canal into the ovule cavity (Fig. 23). A portion 
of the outer integument protrudes up into the canal area 
(Fig. 24). The outer of the two integuments is approximately 
half the length of the inner during most of the development 
(Figs, 29, 70, 78), One archesporial cell forms adjacent 
to the nucellar epidermis at the micropylar end, and this 
cell becomes the megasporocyte. The megasporocyte is round 
in JD, americana and somewhat wedge-shaped in the Asiatic 
species (Figs, 30, 70, 78), There are no parietal cells 
fcrrr.sd, and no divisions of the nucellar epidermis occur? 
therefore, the ovule is tenuinucellar. 
Normal meiosis occurs in the megasporocyte (Figs, 
29-34, 38, 42), and prophase I of meiosis, prior to dia-
kinesis, seems to be a prolonged stage in the development 
of the megaspores. The chromatin of the megasporocyte is 
evident as a tangled mass within a vacuolate nucleus. The 
nucleolus is visible at this stage (Figs, 30, 70, 78), 
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The first division of meiosis (Figs, 31-34, 36) results in 
a dyad (Figs. 38-40), There may be an intervening triad 
stage resulting from an early division of the micropylar 
cell of the dyad (Fig, 41), but the final product of 
meiosis is a linear or modified T-shaped tetrad (Figs. 42, 44, 
48, 49, 80). 
Callose is associated with cell walls during mega-
sporogenesis, and its presence, identified by fluorescence 
after staining with aniline blue, and distribution facili­
tated the identification and characterization of the stages 
in megasporogenesis. A layer of callose completely 
surrounds the megasporocyte during prophase I of meiosis 
(Figs, 35, 37, 79), and callose is associated with the side 
and cross walls of the dyad (Figs, 39, 40), Examination 
of tetrads for callose showed variation in the presence 
and location of fluorescence. In D, americana. callose 
was observed in side walls and cross walls, or in cross 
walls only, with the strongest fluorescence observed in 
the cross walls (Figs, 43-45, 47, 50, 51), In 2* mandshurica. 
fluorescence was observed in cross and side walls, but in 
cross walls, the reaction was very weak (Figs, 81, 82), 
The three megaspores nearest the micropyle begin to 
dsgsnsrsts soon aftsr tstr^d formation. The dsgsnsrsition 
is evidenced by decrease in size, breakdown of cell contents, 
and change in shape. At the time of this degeneration. 
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the chalazal megaspore retains its shape, remains full of 
cytoplasm, and begins to increase in size (Figs, 42, 49, 
52), By the time degeneration of the three non-functional 
spores has begun, the amount of callose around the functional 
spore is much less than around and between the degenerating 
ones (Figs, 53, 54), Callose around the functional spore 
may disappear completely except for a few small patches 
(Figs, 43-45, 50, 51), Callose remains around the other 
spores at this time. Deposition of callose appears to be 
greatest around and sometimes within one of the two central 
spores (Figs, 45, 50), These spores are also the first ones 
to show signs of degeneration (Figs, 42. 49), By the time 
of tetrad formation, both integuments usually reach completely 
around the ovule to form the micropyle. The tips of the 
integuments meet and press together in D, americana (Fig, 59). 
In the Asiatic species, one or both integuments on the 
funicular side of the ovule may be longer and extend past 
the tips on the opposite side (Fig, 74), In D, japonica 
the outer integument on the longer side may exceed the inner 
and form a hood over the micropyle (Figs, 75, 77), 
In ^  americana the chalazal (functional) spore is 
walled-off as degeneration of the other three begins (Fig, 
55); but in ^  mandghuriga and japonica this process 
occurs after degeneration, or may not occur at all (Fig, 84), 
Callose from the degenerating spores is evident at this 
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stage, and a small amount may remain around the functional 
spore before the first division (Figs. 53, 54). A resting 
stage occurs in the functional megaspore nucleus during 
degeneration of the other spores. 
Enlargement of the functional megaspore (Figs. 56, 84) 
and the first mitotic division of its nucleus (Fig. 57) begin 
the development of the embryo sac. After the first mitotic 
division, a nucleus surrounded by cytoplasm is situated 
at each end of the embryo sac and a large vacuole occupies 
the central area of the sac (Fig. 58). The four-nucleate 
stage is very similar, having a central vacuole and two 
nuclei at each end (Figs, 59, 60, 71). Small vacuoles may 
also occupy the ends of the embryo sac beyond the nuclei 
(Figs, 60, 71). At this stage, the nuclei are not separated 
by cell walls. Embryo sac size increases with the increase 
in the number of nuclei. The third mitotic division produces 
an eight-nucleate sac, presumably with four nuclei at each 
end. This particular conformation was not observed. The 
two polar nuclei, one from each end of the embryo sac, 
migrate to the central area of the sac. Cell walls are 
formed between the nuclei at the two ends. 
The mature embryo sac contains three groups of nuclei— 
the antipodals at ths ch&l&zal snd, ths sgg sppsrstus st 
the micropylar end, and the polar nuclei in variable posi­
tions, The antipodal group is originally composed of three 
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of the cells resulting from the last mitotic division 
(Figs. 63, 72), but a series of mitotic divisions quickly 
follows their formation. The result is a large number of 
cells forming a mass of tissue occupying the chalazal end of 
the sac (Figs. 66, 74, 75, 86). This group of cells may 
form a rounded or elongate mass. The exact number of cells 
in the group could not be determined. Enlargement of the 
embryo sac at the chalazal end displaces the antipodals, 
and their final position is against one side of the embryo 
sac (Figs, 87, 161, 163). The two polar nuclei, surrounded 
by a thin layer of cytoplasm, are appressed to each other 
and occupy a central position (Figs, 65, 73, 75), or one 
adjacent to the egg apparatus (Figs, 62, 74, 87) or the 
antipodals (Figs, 84, 86). At times they may be against 
one side of the sac. The egg apparatus is situated at the 
micropylar end of the embryo sac, and is composed of two 
pointed synergids and a much larger egg cell. The egg cell 
usually extends above the t'.;c synergids (Figs. 51, 54). 
The three groups of cells in the mature embryo sac are 
connected to each other by strands of cytoplasm (Figs. 
64-66, 74, 75, 87). 
A summary of megasporogenesis and embryo sac develop­
ment in D. americana is presented diagrammatically in 
Fig. 67, Except for the exact conformations of the mature 
embryo sacs diagrammed, this sequence applies to all three 
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species studied. 
The microsporocytes enter melosis at approximately 
the same time as the megasporocyte of the flover (Fig. 29). 
The appearance of the nuclei and the chromatin within 
the nuclei during prophase is very similar in both types of 
sporocytes (Figs, 30, 78, 89, 109). The chromatin is in 
a tangled mass within a vacuolate nucleus. The nucleolus 
stains darkly, is readily visible, and may be situated 
within the mass of chromatin, at one edge of it, or 
extending out from the mass by attachment to a strand of 
chromatin (Figs. 90, 91, 109, 112), In some stages, strands 
of chromatin extend out to the nuclear membrane (Figs, 
91, 113), The two divisions of meiosis and successive 
cytokinesis produce isobilateral tetrads of microspores 
(Figs, 92-99, 114, 115), Microspore development has 
usually reached the dyad or tetrad stage of development 
by the time the megasporocyte is in the late stages of 
prophase I of meiosis (Fig, 31), When the microspores are 
released from the tetrads, they are irregularly shaped 
(Fig, 100), but quickly become rounded. Displacement of 
the nucleus by a central vacuole forms the vacuolate micro­
spore stage (Figs. 101. 116). 
The microsporocytes are surrounded by a layer of 
callose during meiosis (Fig, 110), and callose appears 
along with the laying down of cell walls to form dyads 
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and tetrads (Figs, 97, 99), Callose remains longer between 
the microspores than around the outer walls of the tetrad 
(Fig, 99). At the time of their re lease, the microspores 
contain a small amount of callose (Fig, 47), but this soon 
disappears, 
A two-celled pollen grain results from the first micro­
spore division, and by this stage, the volume of cytoplasm 
in the spore has greatly increased. The generative cell 
is cut off against the inner wall, and is much smaller than 
the other cell (Figs. 102, 103), The second microspore 
division occurs before release of the pollen- therefore, 
the mature pollen grains contain three nuclei (Figs. 104, 
105, 117, 121), The two sperm nuclei are spindle-shaped 
with one forked end (Fig, 104, 105), One large pore is 
evident on the unsculptured pollen grain (Figs, 101, 107, 
116, 119), The tapetum is of the secretory type, and has 
completely degenerated by the time the pollen reaches 
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become binucleate during prophase I of meiosis in the 
microsporocytes (Figs, 88-91, 109-113), At pollen 
maturity, the development of the female gametophyte has 
usually reached the tetrad of megaspores stage. 
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Fertilization and Post-fertilization Development 
Release of pollen occurs before the florets open. 
Germination of pollen on the stigma was observed (Figs, 
106-108, 118-120), but penetration of the pollen tube into 
the micropyle was not. A dark-staining material was evident 
in the embryo sac soon after pollen germination on the 
stigma. Based on previous literature (Maze, et al,, 1970)/ 
and the timing of appearance of the material, it was 
determined to be a combination of a discharge from the pollen 
tube and cell contents of one or both of the synergids 
disrupted by the entrance of the pollen tube. The aniline 
blue fluorescence reaction showed at least some of the 
material to be callose, a substance present in the growing 
pollen tube (Figs. 122, 123). Fertilization appears to 
occur normally. The dark-staining material was found to 
be associated with the surface of the egg cell, and this 
was considered to bs svidsncs of the entrance of the sperm 
nucleus into the egg (Figs. 124, 125). The two polar 
nuclei do not fuse prior to fertilization, and their fusion 
with the second sperm nucleus forms the primary endosperm 
nucleus (Fig. 126). 
Development of the embryo and endosperm begin at the 
same time, but divisions occur more rapidly in the endosperm 
nuclei. There may be several endosperm nuclei while the 
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embryo has only two cells (Figs, 139-141), or the embryo 
may reach the two- or three-celled stage before the primary 
endosperm nucleus divides (Fig, 126), In the latter case, 
endosperm development subsequently proceeds more rapidly 
than that of the embryo. The first zygotic division may 
be transverse (Fig, 127) or oblique (Figs, 126, 141), 
forming two unequal cells, the basal one being the larger. 
The next few divisions form regular, equal cells (Figs, 
128-130, 142, 143), Subsequent divisions are irregular 
(Figs, 131-138, 144, 146, 148), Development of the embryo 
follows the Poa type described by Johansen, and a typical 
grass embryo is formed (Figs, 145, 149-151), The embryo 
formula, according to usage by Reeder (1957), is F+PP, 
Initial mitoses of the endosperm nuclei occur near 
the embryo (Figs, 139-141), but after several divisions, the 
nuclei line the inner surface of the embryo sac (Figs, 165, 
173, 175), The endosperm is nuclear at this stage. By 
the time the embryo has reached the seven- or nine-celled 
stage, cytokinesis has commenced in the endosperm. Cyto­
kinesis is initiated in the micropylar portion of the 
embryo sac and proceeds throughout (Figs, 13 5, 144), The 
endosperm cells immediately surrounding the embryo are 
different in appearance from those further away from the 
embryo. These cells are full of cytoplasm and stain more 
densely than the others. They are also smaller and very 
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closely appressed to each other (Figs. 132-136, 144, 
146-148), The degenerating antipodals are still visible 
at one side of the embryo sac just before cytokinesis 
begins (Figs. 163, 164). 
Changes in the size and composition of the cells of 
the inner layer of the inner integument are the first 
indications of the development of the fruit. Enlargement of 
the cells and deposition of a brown substance (possibly 
tannin), begins immediately after fertilization. At this 
stage, no changes occur in the outer layer of the inner 
integument or in the outer integument (Figs. 128-138, 144, 
146™148). As expansion of the endosperm proceeds, the 
nucellus is crushed and the cells begin to disappear. The 
nucellar tissue remains longest above the endosperm and in 
a narrow layer around the endosperm (Figs, 152, 153, 156-
158, 161, 162, 167), All the nucellar tissue disappears 
by the time the fruit is mature (Figs, 154, 155, 157-159, 
168, 169). One layer of cells of the outer integument 
remains through much of the development, but by maturity 
is obliterated or only visible as a vestige between the inner 
integument and the pericarp. The outer cell layer of the 
inner integument retains its size and characteristics 
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as a vestige along with the outer integument, or is 
completely crushed. The inner layer of the inner integument 
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becomes a large and conspicuous layer in the mature fruit, 
and is a true seed coat (Figs. 154, 155, 157-159). The 
protrusion of the outer integument into the stylar canal 
area remains in the structure of the mature fruit (Figs. 
158, 169, 177-179). 
At the time seed development begins, the pericarp is 
five to seven layers thick below the micropyle and on 
each side of the embryo sac, but is much thicker on the 
stylar side (Figs, 170, 173, 175)» As the seed coat and 
the pericarp change and enlarge during fruit maturation, 
this greater thickness below the style remains, and 
enlargement of the cells in this area is greater than in 
the other areas of the ovary (Figs. 152, 157-160, 170, 173, 
175). At the time of differentiation of the inner integu­
ment, the cell walls in the area below the styles thicken 
and become sclerified (Figs, 25, 173, 175). This sclerifi-
cation is especially evident in 2* japonica, but also occurs 
in the other two species. 
In external appearance, the mature fruits of japonica 
and Dj, mandshurica are quits different from those of 
_D. americana. The body of the fruit is dark brown in the 
Asiatic species and light tan in D^. americana (Figs, 171, 
172, 174, 176), The thickness and texture of the pericarp 
below the neck are responsible for this difference. In 
JD. americana. the pericarp is opaque and much thicker than 
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in the other two species and therefore covers the dark color 
of the underlying seed coat. In JD. americana. the texture 
in all areas of the pericarp is the same as that in the 
neck region, while in D^, mandshurica and 2» japonica, the 
pericarp is very thin and transparent below the neck (Figs, 
177-179), The other external differences in the fruits 
are due to the varying shapes and proportions of the young 
ovaries. In D, americana, the thickness of the ovary 
between the ovule and the style is three to four times 
greater than in the Asiatic species (Figs, 170, 173-175), 
Accordingly, the neck of the fruit in D, americana makes up 
a greater proportion of the fruit than does the neck in 
the Asiatic species. During early development, the upper 
portion of the ovary exhibits a characteristic shape in 
each species, in the mature fruit, the shape of the upper 
portion of the ovary is retained in the shape of the neck. 
In japonica and D, mandshurica, the neck is a dome of 
pericarp tissue. It makes up about one-sixth of the ovary 
length in D, japonica (Fig. 176) and one-seventh of the 
length in mandshurica (Fig, 174), The neck is rounded 
in 2" japonica (Fig, 176), but in D, mandshurica, the 
cleft of the ovary and the two style bases are evident at 
the apex of the neck, and the sides of the neck are straight 
(Fig, 174)o Approximately the upper fourth of the young 
ovary is rounded in D, japonica (Fig. 175). This area is 
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angular in B, mandshurica (Fig. 173), In D^, americana, 
the neck is longer and narrower than in the Asiatic species, 
and makes up about one-fifth of the fruit length (Figs, 171, 
172), The neck of the fruit reflects the shape of the ovary 
(Fig. 170). In this species, the cleft of the ovary remains 
in the mature fruit. The embryo is approximately one-fifth 
the length of the fruit in all three species (Figs, 177-179). 
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DISCUSSION 
The systematic position of Diarrhena within the Graroineae 
is not well established. Different interpretations of the 
combination of morphological, cytological, and anatomical 
characteristics in the genus have prompted placement of 
the genus in various sub-families and tribes. 
Chromosome numbers of 2n = 60 for D^, americana and 
2n - 38 for 2* Japonica reported here confirm previous 
reports, A chromosome number of 2n = 38 for mandshurica 
is reported here for the first time. There is no 
common basic number for the two chromosome numbers found 
in the genus, Tateoka postulated a basic number of 10 
for the genus. This would place the genus in the 
Eragrostoid group where a basic number of 10 and small 
chromosomes are commonly found. 
The flowers of Diarrhena are typical grass flowers 
except for the presence of only two staraens. The lodicules 
are similar in shape to those in many members of the tribe 
Fêstuceas, sub=family Festucoideae, but the presence of 
hairs on the tips of the lodicules has not been reported in 
the Festuceae (Tateoka, 1960b). The thick, fleshy bases of 
the lodicules are a common feature of lodicules in the 
Festucoldeae, The truncate tips of the lodicules in 
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D. japonica differ from the pointed tips in the other two 
species studied here. The presence of a stylar canal is 
not usually mentioned in discussions of the structure of 
grass ovaries. The canal is formed by the meeting of the 
carpel priroordia and is probably of common occurrence, 
but usually overlooked. Although the growth of the pollen 
tube into the ovary was not observed in Diarrhena, it is 
assumed that the tube grows down through the conducting 
tissue in the central area of the ovary. This type of tissue 
is of common occurrence in ovaries of grasses. 
The anatropous type of ovule is the most like that 
found in Diarrhena. The mieropyle points toward the 
base of the ovary, but the funiculus is near the top of 
the ovary instead of being adjacent to the mieropyle as it 
is in the usual anatropous type. According to Chandra 
(1963b), the tenuinucellar ovule, the type found in Diarrhena. 
is characteristic of the Pooideae (Festucoideae as used by 
Hitchcock and Chase, 1951). It should be pointed out that 
this usage applies only to the division of the grasses into 
two major groups—the Festucoideae and the Panicoideae, 
There was no consideration of newer sub-families, such as 
the Eragrostoideae, In the Panicoideae, the pseudocrassi-
nucellar type of ovule is the most common. The fôfïRâtiôn 
of the mieropyle by both integuments in Diarrhena is also 
characteristic of the Pooideae, The Asiatic species differ 
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from JD. americana in that the integuments on the funicular 
side may be longer than on the opposite side. The outer 
of the integuments on the longer side may be hooded over 
the micropyle in JD. japonica. The ovule characteristics are 
summarized in Tables 1 and 2, 
Megasporogenesis and embryo sac development in Diarrhena 
are of the type reported for most grasses with normal 
sexual reproduction. The Adoxa type of embryo sac develop­
ment reported for Bouteloua curtipendula (Mohamed and Gould, 
1966) is an exception to the usual occurrence of Polygonum 
type development in the family. The report of a tetrasporic 
embryo sac by Mohamed and Gould is very brief and illustrated 
only with a few line drawings. Failure to obser»/e the 
formation of a tetrad of megaspores could lead to the 
description of a tetrasporic embryo sac. The Adoxa type 
leads to the type of mature embryo sac usually found in 
grasses. In Eragrostis, Streetman (1963a, 1963b) used the 
lack of formation of a tetrad stage as evidence for the 
failure of meiosis in the megasporocyte. Considering the 
possibility of overlooking the tetrad stage, and the 
different interpretations possible when this occurs, it 
seems that Mohamed and Gould's report of this unusual type 
of development is to be doubted. Reports by Fischer (1680) 
and Schnarf (1929) of bisporic development in Melica and 
Agrostis are not illustrated and the descriptions are 
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incomplete. Also, it is difficult to assess the validity 
of the scientific names. Considering these problems, 
it is best to discount these reports. 
The proliferation of antipodals, as in Diarrhena. is 
a common occurrence in grasses. Reports of this prolif­
eration are found throughout the family. Lateral displace­
ment of the antipodals, as in Diarrhena. is characteristic 
of the Pooideae, Other features of the embryo sac, such 
as position of the polar nuclei, are variable in the same 
species and seem to be of no taxonomic significance. 
Development is basically the same in all three species 
of Diarrhena studied, with a few exceptions. The differences 
among the species are summarized in Table 1, Tapetal 
characteristics and pollen development are of some taxonomic 
significance, and in Diarrhena. these are in agreement with 
the situations generally reported in the Gramineae, The 
types of embryo and endosperm development are also like 
those usually found in the grasses. The pollen, êmbryô. 
and endosperm characters are listed in Table 2, 
Development of the inner integument into a true seed 
coat is not a common occurrence in grasses. In most species, 
both integuments are crushed during development, and are 
not visible in the mature fruit. In Diarrhena. the seed 
coat is a conspicuous layer in the fruit. Enlargement and 
persistence of an integument has been described in members 
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of various groups in the Gramineae. In most of these cases, 
as in Poa (Anderson, 1927) and Sorghum (Harrington and 
Crocker, 1923), this is a very slight development and does 
not result in a conspicuous seed coat. The type of integu­
ment described in Eleusine is the most similar to that in 
Diarrhena. The presence of a seed coat seems to be 
responsible for the loose pericarp used by Hubbard (1944) 
in delimiting his tribe Eragrosteae. Eleusine is in this 
groupo There have been no other detailed descriptions of 
the development of this pericarp, but it may be that the 
conspicuous seed coat, developed in the same manner as 
in Diarrhena. would be found in them. 
The neck of the fruit in Diarrhena is the product of 
extensive development of the upper portion of the ovary. 
The same kind of structure has been illustrated or 
described in other grasses, such as Zea (Randolph, 1936). 
The unique features in Diarrhena are the shape and size 
of the neck, but the type of structure is not unusual in the 
family. The presence of a seed coat causes the portion 
of the pericarp making up the neck to be conspicuous 
as a peculiar feature of the fruit. This is especially 
true of the Asiatic species. The shape and size of the neck 
and the thickness of the pericarp in the neck and 
surrounding the seed cause the fruits of the American and 
Asiatic species to have different external appearances. 
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Structurally, the fruits of all three species are alike. 
A large group of characteristics of Diarrhena is not 
strongly associated with any particular sub-family. The 
leaf epidermis is intermediate between features usually 
associated with Festucoid or Panicoid grasses. The embryo 
formula was determined by Reeder (1957) to be F+FF, but I 
found this to be incorrect. The correct formula is F+PP, 
and this particular formula was not reported by Reeder 
to be characteristic of a particular sub-family. Diarrhena 
has only compound starch grains in the endosperm, and this 
feature places it into a group which includes Festucoid and 
Eragrostoid grasses. The presence of only two stamens in 
the flower and the entire lodicules with pubescent tips are 
both characteristics which are not associated with a 
particular sub-family. The leaf cross-section is Festucoid, 
having parenchyma not disposed radially around the vascular 
bundles. 
Several characters of Diaxrhena indicate a relationship 
with the Eragrostoideae. These are the three-nerved lemmas, 
chromosome number and size, the presence of a true seed coat, 
and a loose pericarp in the mature fruit. All the 
previously mentioned characteristics are summarized in 
Table 3. As discussed by Anderson (1958), the distribution 
of Diarrhena in eastern Asia and eastern North America 
indicates that it is an ancient genus. As such, it could 
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have remained unchanged and exhibit a combination of 
characters found in the groups we now consider to be examples 
of the major trends of evolution in the Gramineae, However, 
based on the characters known to him at the time, Anderson 
concluded that Diarrhena best fit the Eragrosteae of 
Hubbard (1944), I believe the characteristics of Diarrhena, 
especially those of development and structure of the fruit, 
suggest strong affinities with the Eragrostoideae, and the 
genus should be removed from the Festucoideae, 
Embryological data have often been used in the delimi­
tation of families and in assessing family relationships 
(Maheshwari, 1945; Tandon and Herr, 1971). The presence 
of enough embryological data within a family to aid in 
delimiting sub-families or genera has been rare. Maheshwari 
(1945) pointed out the embryological differences which 
correlate with morphological differences in two sub-families 
of the Liliaceae, The embryological differences already 
observed between the Festuccid and Par.iccid grasses indicate 
the possible use of further embryological data in classifi­
cation within the Gramineae, Further investigations of 
the characters described by Chandra (1963b) may reveal 
differences in the Festucoid and Eragrostoid groups of 
the Festucoideae of Hitchcock and Chase (1951). At this 
time, there is not enough data to indicate any differences. 
More studies of developmental sequences in flowers and 
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fruits, especially of previously neglected grasses, should 
be of use in grass classification. 
Table 1, Qnbryological characters differing among the three species of Diarrhena 
investigated here 
North American species Asiatic species 
JD. americana 
1, integuments equal on 1 
both sides of nucellus 
2. no hooded integument 2 
3, megasporocyte round 3, 
4, callose around and/or 4, 
between megaspores in 
a tetrads- equal 
amounts if around and 
between 
5, walled-off functional 5, 
megaspoie while three 
others degenerate 
6, thickness of ovary (5, 
above ovule thee to 
four times greater 
than in the Asiatic 
species 
7, pericarp thick and 7, 
opaque over whole 
fruit 
8, neck of fruit (3, 
elongated 
D, japonica 
one or both integu­
ments longer on funi­
cular side 
outer of the longer 
integuments may be 
hooded over micro-
pyle 
megasporocyte wedge- 3. 
shaped 
rio data 4. 
walled-off functional 
megaspore later or 
not at all 
thickness of ovary 
above ovule much less 
than in D_. americana 
pericarp thick at neck 7. 
and thin and trans­
parent around seed 
neck of fruit 8, 
rounded 
5.» mandshurica 
1. same as D, japonica 
2. no hooded integument 
same as D^. japonica 
callose around tetrad 
of megaspores, little 
between 
same as japonica 
same as D, japonica 
same as D^, japonica 
neck of fruit 
angular 
Table 2, Eànbryological chajracters of Dlarrhena which are characteristic of the 
Gramineae or certfiin sub-families of the Gramineae 
Characters generally true 
for the family 
1. glandular, binucleate 
tapetum 
2. isobilateral tetrads 
of microspores 




5, bitegraic ovules 
6o archesporial cell 
functions directly 
as megasgorocyte 
7. linear or modified 
T-shaped tetrads of 
megaspores 
8. monosporic, Polycronum 
type of embryo sac 
development 
9. proliferation of 
antipodals 
10. nuclear type of 
endosperm develop­
ment 
11. Poa type embryo 
development 
Characters differing in 
groups within the family 
1., tenuinucellar ovule 
(Festucoideae)1 
2,, both integuments form 
micropyle 
(Festucoideae) 
3„ lateral displacement 
of antipodals 
(Festucoideae) 
4„ development of inner 
integument into a 
seed coat 
(Eragrostoideae) 
5„ seed is loose within 
the pericarp 
(Eragrostoideae) 
Characters variable within 
the family 
1. anatropous ovules 
2, neck on the mature 
fruit 
1 
Of Hitchcock and Chase (1951) 
Table 3. Characteristics of Diarrhena which are associated with certain groups 
in the Gramineae 
Festucoideae Eragrostoideae Other (not associated with 
either sub-family) 
1, leaf cross- 1. 3-nerved lemmas 1. leaf epidermis (inter­
section 2. chromosome number and mediate between Panicoid 
2, epiblast size and Festucoid) 
3. vascular system 3. epiblast 2. starch grains all 
of embryo 4. basal limb of compound (groups includes 
scutellum free Festucoid and Eragrostoid 
5, seed coat develop­ grasses) 
ment 3. two stamens 
6. loose pericarp in 4. lodicules (most similar 
mature fruit to Festucoideae, but are 
entire and have hairs 
on tips) 
5, neck on fruit 
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APPENDIX 1: COLLECTION SITES FOR D. AMERICANA 
Indiana 
Iowa 
Jefferson Co., C. Schwab 73, Sept., 1966, 
Jefferson Co., C, Schwab 74, Sept., 1966, 
Jefferson Co., C. Schwab 175, June, 1967. 
Jefferson Co., C. Schwab 272, July, 1967 
Cass Co., C. Schwab 265, July, 1967 
Parke Co., C. Schwab 246, July, 1967. 
Story Co., C. Schwab 72, March, 1966. 
Story Co., C. Schwab 892, Sept., 1969. 
Kansas Riley Co., S. Gibson s.n,, October, 1966. 
Missouri Caldwell Co., C. Schwab 584, April, 1969 
All specimens are deposited in the herbarium of Iowa State 
University (ISC). 
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APPENDIX 2: KEY TO LABELING OF FIGURES 
a antipodals mm micropylar megaspore 
al aleurone N neck 
c callose ne nucellar epidermis 
cc chalazal cell nu nucellus 
cl cleft 0 ovule 
ct conducting tissue oi outer integument 
do developing ovule ov ovary 
E endosperm P pericarp 
ea egg apparatus pa palea 
ec egg cell pe proembryo 
en endosperm nucleus pen primary endosperm nucleus 
es embryo sac pn polar nucleus(i) 
fm functional megaspore pt pollen tube 
gc generative cell s synergid(s) 
hi hooked integument se seed coat 
ii inner integument sea stylar canal 
L lodicule sn sperm nucleus 
m megasporocyte sp stylar plug 
mi microspore(s) St stamen 
mic microsporocyte(s) T tapetum 
mit microspore tetrad vb vascular bundle 
w walls around functional 
megaspore 
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APPENDIX 3 : FIGURES 
Fig. 1. Chromosomes of jD, americana at diakinesis in 
microsporocytes. 
Fig. 2, Chromosomes of americana at metaphase in 
root tip cells. 
Fig, 3. Chromosomes of D, laponica at diakinesis in 
microsporocytes. 
Fig. 4. Chromosomes of japonica at metaphase in 
root tip cells. 
Fig. 5. Chromosomes of mandshurica at diakinesis in 
microsporocytes. 
Line scale represents 10 microns. 
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Fig, 6, Flower of 2» japonica. 
Fig. 7, Flower of americana. 
Fig. 8. Opposite side of flower shown in Fig, 7. 
Fig. 9. Flower of JD. americana ? cleft in ovary. 
Line scale represents one nun. Scale on Fig, 7 
applies to Figs, 8 and 9, 

Fig. 10. Lodicule of mandshuricay pointed tip with 
hairs. 
Fig. 11. Lodicule of americana? pointed tip with 
hairs. 
Fig. 12. Lodicule of D. japonica- truncate tip with 
hairs. 
Fig. 13. Lodicule of aroericana? hairs on tip. 
Line scales represent 100 microns. 

Fig. 14, Cleared ovary of D. americana» cleft and ovule 
position. 
Fig. 15. Cleft of ovary shown in Fig. 14. 
Fig. 16. Cleared ovary of D_. mandshurica? cleft, ovule 
position, and hairs on apex of ovary. 
Fig. 17, Cleared ovary of D. japonicay cleft and stylar 
canal. 
Line scales represent 100 microns. Scale on 
Fig. 15 applies to Figs. 16 and 17. 
m 
Figs, 18-22, Serial sections through flower of 
D, americana? stylar canal. 
Fig, 23, Section of ovary of D, mandshurica; conduct­
ing tissue below style. 
Fig, 24, Section of ovary of D, americana? conduct­
ing tissue below style and outer integument 
protruding into canal area. 
Line scales represent 100 microns. Scale on 
Fig, 18 applies to Figs, 19-23, 
63 
Fig, 25. Section of ovary of 2# mandshurica? conduct­
ing tissue. 
Fig, 26, Cleared ovary of mandshurica ? plug in canal 
area. 
Fig. 27, Cleared ovary of D. japonicar ovule and plug 
in canal area. 
Fig, 28, Enlargement of apex of ovary shown in Fig, 27, 
Line scales represent 100 microns. Scale on 
Fig, 25 applies to Figs, 26 and 27, 

Fig, 29. Section of flower of americanai ovule 
position, and megasporocyte and microsporocytes 
in early prophase I of meiosis. Line scale 
represents 100 microns. 
Fig, 30, Enlargement of megasporocyte shown in Fig, 29, 
Line scale represents 50 microns. 
Fig, 31, Section of flower of £, americana ? ovule 
position, megasporocyte at diakinesis, and 
microsporocytes at the dyad and tetrad stage. 
Line scale represents 100 microns. 
Fig, 32. Enlargement of megasporocyte shown in Fig, 31, 
Line scale represents 50 microns. 
Fig, 33, Section adjacent to one shown in Fig, 32y 
nucleolus visible. Same line scale as Fig, 32, 
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Fig. 34. Section of ovary of Jg.. americanar megasporocyte 
at metaphase I of meiosis. Line scale repre­
sents 100 microns. 
Fig. 35. Ovary shown in Fig. 34, under fluorescence? 
callose fluorescing around the megasporocyte. 
Same line scale as Fig, 34. 
Fig, 36, Enlargement of megasporocyte shown in Fig. 34. 
Line scale represents 50 microns. 
Fig. 37. Enlargement of megasporocyte shown in Fig. 35. 
Line scale represents 100 microns. 
Fig. 38. Section of ovule of americanat dyad. Same 
line scale as Fig, 37, 
Fig. 39, Dyad shown in Fig. 38, under fluorescence. 
Same line scale as Fig. 37. 
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Fig, 40, Section of ovule of D_. americana. under fluores­
cence? fluorescing dyad. Line scale represents 
100 microns. 
Fig. 41, Section of ovule of D, americana. under fluores­
cence? fluorescing triad. Same line scale as 
Fig. 40, 
Fig, 42, Section of ovule of D, americana. phase contrast? 
modified T-shaped tetrad of megaspores. Same 
line scale as Fig. 40. 
Fig, 43, Section of ovary of D. americana^ under fluores­
cence? fluorescing tetrad from Fig, 42, Line 
scale represents 100 microns. 
Fig. 44, Enlargement of fluorescing tetrad shown in 
Figs, 42 and 43, Same line scale as Fig, 40, 
Fig, 45, Enlargement of fluorescing tetrad from Fig, 44? 
callose within the tetrad. Line scale repre­
sents 50 microns. 
if \ x-i^  I", 
Fig. 46, Section of ovary of americana? megaspore 
tetrad. 
Fig. 47, Ovary shown in Fig. 46, under fluorescencer 
fluorescing tetrad. Same line scale as Fig, 46, 
Fig, 48, Enlargement of ovule from Fig, 46, 
Fig, 49, Section of ovule of H, americanat tetrad of 
megaspores. Same line scale as Fig, 48, 
Fig. 50. Tetrad from Fig, 49, under fluorescence; 
fluorescence of callose in tetrad. Same line 
scale as Fig. 48, 
Fig. 51. Ovule from Fig, 49, under combination of bright 
field and fluorescence. Same line scale as 
Fig, 48, 
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Fig, 52, Section of ovule of americana? tetrad of 
megaspores with the three micropylar cells 
degenerating. Line scale represents 50 microns. 
Fig. 53, Functional spore from Fig, 52, under fluores­
cence, Same line scale as Fig, 52, 
Fig, 54, Section adjacent to one shown in Figs, 52 and 
53, under fluorescence? callose from degen= 
erating megaspores. Same line scale as Fig, 52 
Fig, 55, Section of ovule of D, americanar walled-off 
functional megaspore. Line scale represents 
50 microns. 
Fig, 56, Section of ovule of £, americana ? one-nucleate, 
vacuolate functional megaspore. Same line 
scale as Fig, 55, 
Fig, 57, Section of ovule of D, americana ? first divi­
sion of the functional megaspore nucleus. 








Section of ovule of D. 
vacuolate embryo sac. 
50 microns. 
aroericana? two-nucleate. 
Line scale represents 
Section of ovule of D. amerlcana; four-nucleate 
vacuolate embryo sac. Line scale represents 
100 microns. 
Section of ovule of D. americana? four-nucleate 
vacuolate embryo sac. Same line scale as 
Fig, 59. 
First of three adjacent sections of ovule of 
D. americana ? egg apparatus and nucleolus from 
one polar nucleus in mature embryo sac. Same 
line scale as Fig. 59. 
Section adjacent to one shown in Fig. 61 y two 
polar nuclei. Same line scale as Fig, 59. 
Section adjacent to one shown in Fig. 62y three 




Fig, 64, First of three adjacent sections of ovule of 
2. americana * egg apparatus in mature embryo 
sac. 
Fig. 65. Section adjacent to one shown in Fig. 64? two 
polar nuclei. Same line scale as Pig, 64, 
Fig, 66, Section adjacent to one shown in Fig, 65? mass 
of antipodals. Same line scale as Fig, 64, 
Fig, 67, Diagrammatic representation of megasporogenesis 
and embryo sac development in _D, americana as 
shown in Figs, 29-65, The last two embryo sac 
diagrams represent Figs, 60-62 and 63-65, 
respectively. 
Line scales represent 100 microns. 
a-
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Fig. 68, Section of flower of D, japonica « ovule in 
atropous position. Line scale represents 100 
microns. 
Fig. 69, Section of flower of D, japonicay beginning of 
change in ovule position during ovary develop­
ment, Same line scale as Fig, 68, 
Fig, 70, Section of ovule of Japonica; megasporocyte 
in prophase I of meiosis^ Line scale repre­
sents 50 microns. 
Fig, 71, Section of ovule of D, japonica y four-nucleate 
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Fig, 72, First of two adjacent sections of ovule of 
D, japonica* three antipodals and two synergids 
in mature embryo sac. Line scale represents 
50 microns. 
Fig, 73, Section adjacent to one shown in Fig, 72? egg 
cell and two polar nuclei. Same line scale 
as Fig. 72, 
Fig, 74. Section of ovule of D, japonicay unequal 
integuments and mature embryo sac, with mass 
of antipodals. Line scale represents 50 
microns. 
Fig, 75, Section of ovule of D, japonicay unequal 
integuments and mature embryo sac with mass 
of antipodals. Line scale represents 100 
microns, 
Fig, 76, Detail of structure of polar nuclei of 
japonica. Line scale represents 10 
microns. 
Fig. 77, Section of ovule of ]D, japonica y hooded integu­
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Fig, 78. Section of ovule of D, mandshuriea7 megasporo-
cyte in prophase I of meiosis, phase contrast. 
Line scale represents 50 microns. 
Fig, 79. Section of ovule of JD. mandshuriea ? megasporo-
cyte in prophase I of meiosis. Insert shows 
callose surrounding megasporocyte, under fluores­
cence. Same line scale as Fig, 78. 
Fig. 80. Section of ovule of mandshuriea ? tetrad of 
megaspores, phase contrast. Same line scale 
as Fig. 78. 
Fig. 81. Tetrad from Fig. 80, under fluorescence. Same 
line scale as Fig. 78. 
Fig. 82. Whole ovary containing ovule shown in Fig. 79, 
under fluorescence. Line scale represents 
100 microns. 
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Fig, 83, Section of ovule of D, mandshurica? tetrad of 
megaspores with three micropylar spores 
degenerating, phase contrast. Line scale 
represents 10 microns. 
Fig, 84, Section of ovule of 2* mandshurica » walled-off 
functional megaspore. Line scale represents 
50 microns. 
Fig, 85, Section of ovule of JD, mandshurica ? mature 
embryo sac with polar nuclei against one side 
and near the antipodals. Line scale represents 
50 microns. 
Fig, 86, Section of ovule of mandshurica ? mature 
embryo sac with polar nuclei in central area 
near antipodals. Line scale represents 100 
microns. 
Fig, 87, Section of ovule of Di« mandshurica7 mature 
embryo sac with polar nuclei in central area 







Figs, 88-105, Pollen development in americana. 
Fig, 88, Microsporocytes entering prophase I of meiosis. 
Line scale rsoresents 50 microns. 
Fig, 89, Microsporocyv J with vacuolate nuclei, condensed 
chromatin, and visible nucleoli. Line scale 
represents 100 microns. 
Fig, 90, Microsporocytes in prophase I of meiosis, with 
strands of chromatin extending to the nuclear 
membranes. Same line scale as Fig, 89, 
Fig, 91, Microsporocytes with vacuolate nuclei, condensed 
chromatin; recent divisions in tapetal cells. 
Same line scale as Fig. 89, 
Fig, 92. Microsporocytes in anaphase I of meiosis; 
bright field. Same line scale as Fig. 89. 
Fig. 93. Microsporocytes shown in Fig. 92; phase contrast. 
Same line scale as Fig, 89, 
Fig, 94, Microsporocytes at metaphase I and II of meiosis. 
Same line scale as Fig, 89, 
Fig, 95, Dyads, and tetrads of microspores. Same line 
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Fig, 96, Dyads, at anaphase II of meiosis. Line scale 
represents 100 microns. 
Fig, 97, Dyads shown in Fig, 96, under fluorescence-
callose associated with dyads. Line scale 
represents 100 microns. 
Fig, 98, Tetrads of microspores- tapetal cells breaking 
down. Line scale represents 50 microns. 
Fig, 99, Tetrads shown in Fig. 98, under fluorescence? 
callose associated with tetrads. Line scale 
represents 10 microns. 
Fig, 100, Microspores immediately following release from 
tetrads. Line scale represents 100 microns. 
Fig, 101, One-nucleate, vacuolate microspores. Same line 
scale as Fig. 100, 
Fig, 102, Two-celled pollen grains? generative and tube 
cells. Same line scale as Fig, 100, 
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Fig, 103, Two-celled pollen grains; taoetum has degen­
erated, Line scale represents 50 microns. 
Pig. 104, Mature, three-nucleate pollen grains. Line 
scale represents 100 microns. 
Fig, 105, Mature, three-nucleate pollen grains? forked 
sperm nuclei. Line scale represents 50 
microns, 
Fig, 106, Pollen germinating on stigma of D, americana, 
Line scale represents 100 microns, 
Fig, 107, Enlargement of area outlined in Fig, 106, 
Line scale represents 50 microns. 
Fig, 108, Penetration of pollen tube into a stigma branch 
in D, americana. Line scale represents 50 
microns, 

Figs. 109-117. Pollen development in D. mandshurica. 
Fig. 109. Microsporocytes at prophase I of meiosis. 
Line scale represents 10 microns. 
Fig, 110. Microsporocytes at prophase I of meiosis, 
under fluorescence y callose surrounding inner 
walls of microsporocytes. Same line scale 
as Fig, 109. 
Fig, 111. Microsporocytes in prophase I of meiosis? 
vacuolate nuclei and condensed chromatin. 
Same line scale as Fig. 109, 
Fig, 112, Microsporocytes in prophase I of meiosisy 
vacuolate nuclei, and nucleoli extending out 
from the chromatin mass. Line scale represents 
10 microns. 
Fig, 113. Microsporocytes at prophase I of meiosis? 
condensed chromatin and strands of chromatin 
extending to nuclear membrane. Line scale 
represents 50 microns. 
Fig. 114. Microsporocytes at anaphase I of meiosis. 
Line scale represents 10 microns. 
Fig. 115. Tetrads of microspores. Same line scale as 
Fig. 113. 
Fig. 116, One-nucleate, vacuolate microspores. Line 








Fig, 117o Mature, three-nucleate pollen grains of 
JD. mandshurica. Line scale represents 
50 microns. 
Fig. 118, Pollen germination on stigma of D^. mandshurica. 
Line scale represents 100 microns. 
Fig. 119, Penetration of pollen tube into a stigma 
branch of _D, mandshurica. Same line scale as 
Fig. 117. 
Fig, 120. Penetration of pollen tube into a stigma 
branch of mandshurica. Line scale represents 
50 microns. 
Fig. 121. Mature, three-nucleate pollen grains of 
JD. japonica. Line scale represents 100 microns. 
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Fig. 122, Section of ovule of D, mandshuricap under 
fluorescence y callose which was released from 
the pollen tube into the embryo sac. Line 
scale represents 10 microns. 
Fig, 123, Interpretive drawing of Fig. 122, 
Fig, 124. Section of ovule of americana. phase 
contrast? egg cell and material from pollen 
tube. Line scale represents 50 microns. 
Fig, 125. Section adjacent to one shown in Fig, 124, 
phase contrast? egg cell with pollen tube 
material on surface. Same line scale as 
Fig. 124. 
Figures 126-138. Embryo and seed development in 
americana. 
Fig, 126. Three-celled proembryo and primary endosperm 
nucleus, phase contrast. Line scale represents 
50 microns, 
Fig, 127. Young proembryo and one remaining synergid. 
Line scale represents 50 microns. 
Fig. 128 Three-celled proembryo and endosperm nuclei ; 
differentiating inner integument. Line scale 
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Fig, 129, Six-celled proembryo. Line scale represents 
50 microns. 
Fig, 130, Seven-celled proembryo. Line scale repre­
sents 50 microns. 
Fig, 131, Proembryo after beginning of irregular divi­
sions, Same line scale as Fig, 129, 
Fig, 132. Proembryo after beginning of irregular divi­
sions; surrounded by specialized endosperm 
cells. Same line scale as Fig, 130, 
Fig. 133. Proembryo development continued. Same line 
scale as Fig, 129, 
Fig, 134, Proembryo development; extensive development 
of inner integument. Line scale represents 
100 microns. 
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Fig, 135, Proembryo development continued. Line scale 
represents 50 microns, 
Fig, 136, Proembryo development continued. Same line 
scale as Fig, 135, 
Fig, 137, Differentiation of proembryo shape. Line 
scale represents 100 microns. 
Fig, 138, Differentiation of proembryo shape and of 
integument. Same line scale as Fig, 135, 
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Figs. 139-145. Embryo and seed development in 
D, japonica. 
Fig. 139, Two-celled proembryo and divisions of sur­
rounding endosperm nuclei. Line scale 
represents 100 microns. 
Fig, 140. Enlargement of proembryo shown in Fig. 139, 
phase contrast. Line scale represents 50 
microns. 
Fig. 141. Enlargement of proembryo shown in Fig. 139, 
bright field. Line scale represents 10 
microns, 
Fig. 142. Several-celled proembryo and surrounding 
endosperm nuclei. Line scale represents 10 
microns. 
Fig. 143. Section adjacent to one shown in Fig, 142. 
Same line scale as Fig, 142. 
Fig, 144. Several-celled proembryo surrounded by 
specialized endosperm cells? developing 
integument. Same line scale as Fig. 140. 
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Figs. 146-151. Embryo and seed development in 
mandshurica. 
Fig, 146. Several-celled proembryo surrounded by 
specialized endosperm cells. Line scale 
represents 50 microns. 
Fig, 147. Proembryo development. Same line scale as 
Fig. 146. 
Fig, 148. Differentiation of proembryo. Same line 
scale as Fig. 146. 
Fig. 149. Differentiation of proenbryo. Line scale 
represents 100 microns. 
Fig, 150. Differentiation of proembryo. Same line 
scale as Fig, 149, 
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Fig, 151, Mature embryo. Line scale represents 100 
microns. 
Fig, 152, Section of upper portion of immature fruit 
of D., americana. Line scale represents 100 
microns, 
Fig, 153, Enlargement of Fig, 152, Line scale repre­
sents 100 microns. 
Fig, 154, Section of layers of mature fruit of 
D, americana. Line scale represents 50 
microns, 
Fig, 155, Section of layers of mature fruit of 
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Fig. 156, Section of immature fruit of JD, mandshurica. 
Line scale represents 500 microns (.5 mm.). 
Fig. 157, Section of upper portion of immature fruit of 
D., mandshurica. Same line scale as Fig, 156» 
Fig, 158, Enlargement of upper portion of fruit shown 
in Fig. 157. Line scale represents 100 microns. 
Fig. 159. Section of upper portion of immature fruit of 
D, mandshurica. Same line scale as Fig. 158. 
Fig. 160, Enlargement of upper portion of fruit shown 
in Fig, 159, Line scale represents 50 
microns. 
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Fig, 161, Section of fruit of D. rnandshurica in early 
stages of development? lateral position of 
antipodals. Line scale represents 100 microns. 
Fig, 162, Section of layers of mature fruit of 
D, rnandshurica. Line scale represents 100 
microns, 
Fig, 163e Section of immature fruit of rnandshurica ? 
endosperm in central area and degenerating 
antipodals on one side. Same line scale as 
Fig, 162, 
Fig, 164, Enlargement of endosperm shown in Fig, 163, 
Line scale represents 10 microns. 
113 
i 
Y-/, I < 
T: O.t 
W '^ • 
f , 




Fig, 165. Section of ovule of D, japonicay endosperm 
nuclei lining the inner walls of the embryo 
sac. Line scale represents 100 microns. 
Fig. 166. Section of ovule of D^. japonica y cellular 
endosperm. Line scale represents 50 microns. 
Fig. 167. Section of ovary of D. japonica y neck area 
and developing integument! Line scale repre­
sents 100 microns. 
Fig. 168. Section of fruit of D^, japonica y seed coat, and 
neck with remains of styxe. Line scale 
represents 100 microns. 
Fig. 169. Section of upper portion of mature fruit of 
D. japonica y neck. Line scale represents 
100 microns. 
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Fig, 170. Section of ovary of D, americana at time 
of beginning of differentiation of the inner 
integument. Line scale represents 100 microns. 
Fig, 171, Whole mature fruit of D, americana viewed 
from the side. Line scale represents one mm. 
Fig, 172, Whole mature fruit of D, americana viewing 
the embryo. Same line scale as Fig, 171, 
Fig, 173. Section of ovary of £, mandshurica at time of 
early endosperm development. Same line scale 
as Fig, 170, 
Fig, 174, Whole mature fruit of D, mandshurica viewing 
the embryo. Line scale represents one mm. 
117 
Fig, 175, Section of ovary of D, japonica at time of 
of early endosperm development. Line scale 
represents 100 microns. 
Fig, 176, Whole mature fruit of jD, japonica viewing 
the embryo. Line scale represents one mm. 
Fig, 177. Hand section of mature fruit of JD, americana. 
Line scale represents one mm. 
Fig. 178, Hand section of mature fruit of D_, mandshurica. 
Line scale represents one mm. 
Fig. 179, Hand section of mature fruit of japonica. 
Same line scale as Fig. 178. 
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